US009190809B2

a2 United States Patent
Louderback

US 9,190,809 B2
Nov. 17, 2015

(10) Patent No.:
(45) Date of Patent:

(54) METHOD AND APPARATUS FOR ACTIVE
VOLTAGE REGULATION IN OPTICAL
MODULES

(71) Applicant: Zephyr Photonics Inc., Zephyr Cove,

NV (US)
(72)

Inventor: Duane Louderback, Zephyr Cove, NV

Us)
(73)

Assignee: Zephyr Photonics Inc., Zephyr Cove,

NV (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

@
(22)

Appl. No.: 14/135,200

Filed: Dec. 19, 2013

(65) Prior Publication Data

US 2014/0185637 Al Jul. 3, 2014

Related U.S. Application Data

Provisional application No. 61/747,302, filed on Dec.
29, 2012.

(60)

Int. Cl1.
HOIS 3/00
HOIS 5/068

(51)
(2006.01)
(2006.01)

(Continued)

(52) US.CL

CPC ... HO01S 5/06804 (2013.01); HOIS 5/0085
(2013.01); HOIS 5/06832 (2013.01); HOIS
5/183 (2013.01)

(58) Field of Classification Search
CPC ........... HO1S 5/06804; HO1S 5/02284; HO1S
5/0425; HO1S 5/0612; HO1S 5/0683; HO1S
5/0427; HO1S 5/06258; HO1S 5/06808;
HO1S 5/183; HO1S 5/06832; HO1S 5/0085;
HO1S 5/068; HO1S 5/0607; HO5B 33/08;

HO5B 33/0884; HOS5B 33/0842; HOSB
33/0815; HOS5B 33/0875; HOS5B 33/0812;
HO5B 33/0827; Y02B 20/343; Y02B 220/346;
YO02B 220/325
............. 372/38.01-38.09, 34, 29.01-29.016;
257/79-82, 431, 433, 458, 461,
257/E33.046; 438/57, 64, 65, 69, 23,
315/158, 291, 308, 309; 361/106

See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

4,767,168 A 8/1988 Grandy
4,811,361 A 3/1989 Bacou et al.
(Continued)
OTHER PUBLICATIONS

Dutton, Harry J.R., “Understanding Optical Communications,” IBM,
International Technical Support Organization, Retrieved from http://
www.redbooks.ibm.com, 638 pages.

(Continued)

Primary Examiner — Jessica Stultz
Assistant Examiner — Delma R Forde
(74) Attorney, Agent, or Firm — Perkins Coie LLP

(57) ABSTRACT

A method and apparatus for active voltage regulation in opti-
cal modules utilize a voltage regulator to change the supply
voltage provided to laser diode driver and receiver electronics
to optimize module performance over temperature. The
ambient temperature of the module is monitored. The outputs
of'the voltage regulator are controlled to provide voltages that
are optimized with respect to temperature for the integrated
circuits in the optical module. This control is implemented via
a temperature sensitive feedback or a control input from a
microcontroller with a temperature monitor input. The supply
voltage is optimized to minimize the voltage required to
achieve acceptable performance at a given temperature. Mini-
mizing the supply voltage lengthens the lifetime of the inte-
grated circuit and the optical module. The voltage regulator
provides higher than standard supply voltages to a laser diode
driver to compensate for higher laser voltage at low tempera-
tures.
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1
METHOD AND APPARATUS FOR ACTIVE
VOLTAGE REGULATION IN OPTICAL
MODULES

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/747302 entitled “Method and Appa-
ratus for Active Voltage Regulation in Optical Modules” filed
Dec. 29, 2012. The above-referenced provisional application
is hereby incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for volt-
age regulation in optical modules, particularly to optimize
performance and extend the operating temperature range.

Voltage regulators are often used in a variety of electronics
applications. However, voltage regulators are not typically
used in optical modules, such as transceivers. When voltage
regulators are utilized, they are used to provide power isola-
tion, noise filtering, and/or to regulate a nominally fixed input
voltage to a supply voltage required by the electronics in the
optical module. Therefore, a need exists for active voltage
regulation to adjust supply voltages for electronics in an opti-
cal module to optimize performance over temperature.

SUMMARY OF THE INVENTION

A method and apparatus for active voltage regulation in
optical modules having a voltage regulator to change the
supply voltage provided to laser diode driver and receiver
electronics to optimize module performance over tempera-
ture is provided. The ambient temperature of the module may
be monitored, and the outputs of the voltage regulator may be
controlled to provide voltages that may be optimized with
respect to temperature for one or more of the integrated cir-
cuits in the optical module. This control may be implemented
via a temperature sensitive feedback or via a control input
from a microcontroller with a temperature monitor input. The
supply voltage may be optimized to minimize the voltage
required to achieve acceptable performance at a given tem-
perature. Minimizing the supply voltage to an integrated cir-
cuit may also lengthen the lifetime of the integrated circuit,
and therefore the lifetime of the optical module. In addition,
the voltage regulator may be used to provide higher than
standard supply voltages to a laser diode driver to compensate
for higher laser, particularly vertical-cavity surface-emitting
laser (VCSEL), voltage at low temperatures.

To this end, an embodiment of an optical module apparatus
having active voltage regulation to adjust supply voltages for
electronics in an optical module to optimize performance
over temperature is provided. The apparatus may have a com-
bination of one or more semiconductor light sources, one or
more photodetectors, and zero or more optical modulators.
The apparatus may have one or more optical fibers and optics
to couple light from the semiconductor light sources into the
optical fibers and from the optical fibers onto the photodetec-
tors. The apparatus may also have driver and interface elec-
tronics, amplifiers, and microcontrollers. The apparatus may
have a temperature monitor having an output and a voltage
regulator with one or more outputs. Finally, the apparatus
may have voltage regulator control electronics configured to
adjust outputs of the voltage regulator with respect to the
output of the temperature monitor.
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In an embodiment, the semiconductor light source may be
one or more of the following: a light emitting diode (LED), a
vertical-cavity surface-emitting laser (VCSEL), a Fabry-
Perot laser and a distributed feedback (DFB) laser.

In an embodiment, the photodetector may be one or more
of the following: a p-i-n photodetector, an avalanche photo-
detector, a metal-semiconductor-metal (MSM) photodetector
and a traveling wave photodetector.

In an embodiment, the semiconductor light source may be
directly modulated or may be modulated using an optical
modulator.

In an embodiment, the temperature monitor may be a ther-
mistor or a thermocouple.

In an embodiment, the optical fiber may be a single mode
fiber or a multimode fiber.

In an embodiment, the optical module may be an optical
transceiver, an optical transmitter or an optical receiver.

In an embodiment, the optical module may transmit digital
data and/or analog data.

In an embodiment, the optical module may be used to
implement data interconnects for control systems or for clock
signal distribution.

In an embodiment, the optical module may be an optical
interrogator.

In an embodiment, the voltage regulator enables the optical
module to operate on different supply voltages.

In an embodiment, the voltage regulator may stabilize the
voltage output and may reduce supply voltage ripple.

In an embodiment, the output voltages of the voltage regu-
lator may be controlled to optimize performance of the opti-
cal module over temperature.

In an embodiment, the output voltages of the voltage regu-
lator may be adjusted to provide the minimum supply voltage
required at a given temperature by different electronics
enabling power consumption to be minimized.

In an embodiment, the output voltages of the voltage regu-
lator may be adjusted to provide the minimum supply voltage
required at a given bit rate by different electronics enabling
power consumption to be minimized.

In an embodiment, the output voltages of the voltage regu-
lator may be adjusted to provide the minimum supply voltage
required at a given temperature by different electronics
enabling the optical module lifetime to be maximized.

In an embodiment, the output voltages of the voltage regu-
lator may be adjusted to provide the minimum supply voltage
required at a given bit rate by different electronics enabling
the optical module lifetime to be maximized.

In an embodiment, the output voltage of the voltage regu-
lator used as the supply voltage for the laser diode driver may
be increased at low temperatures to compensate for higher
VCSEL drive voltages at low temperatures.

In an embodiment, the output voltage of the voltage regu-
lator used as the supply voltage for the laser diode driver may
be adjusted to ensure sufficient voltage headroom at given
drive conditions.

In an embodiment, the output of the temperature monitor
may be used as a control input by the voltage regulator control
electronics.

Inan embodiment, the voltage regulator control electronics
adjust the voltage output settings of the voltage regulator.

Inan embodiment, the voltage regulator control electronics
and the temperature monitor may be the same components.

In an embodiment, the voltage regulator outputs may be
controlled by the voltage regulator control electronics to pro-
duce different voltages for different electronics in the optical
module.
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In an embodiment, the temperature monitor may be inte-
grated in the electronics.

In another embodiment of the invention, a method of regu-
lating voltage in an optical module is provided. The method
may have the steps of: providing one or more semiconductor
light sources, one or more photodetectors, and zero or more
optical modulators; coupling light from the semiconductor
light source into an optical fiber and from the optical fiber
onto the photodetector; monitoring the temperature of the
optical module; providing a voltage regulator having an out-
put; and adjusting the output of the voltage regulator with
respect to the temperature of the optical module.

In an embodiment, the method may have the step of pro-
viding the output of the voltage regulator to the semiconduc-
tor light source as a drive voltage.

In an embodiment, the method may have the step of pro-
viding the output of the voltage regulator to the photodetector
as a bias voltage.

In an embodiment, the method may have the step of con-
trolling the output of the voltage regulator outputs to produce
different voltages for different electronics in the optical mod-
ule.

In an embodiment, the method may have the step of using
the output of the temperature monitor as a control input for
adjusting the voltage output settings of the voltage regulator.

In an embodiment, the method may have the step of adjust-
ing the output voltages of the voltage regulator to provide a
minimum supply voltage required at a given bit rate.

In an embodiment, the method may have the step of adjust-
ing the output voltages of the voltage regulator to provide a
minimum supply voltage required at a temperature

In an embodiment, the method may have the step of adjust-
ing the output voltages of the voltage regulator to optimize
performance of the optical module over temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of an
optical module with active voltage regulation wherein the
control of the voltage regulator over temperature may be
implemented with a temperature dependent resistance.

FIG. 2 is a schematic diagram of an embodiment of an
optical module with active voltage regulation wherein the
control of the voltage regulator over temperature may be
implemented using a microcontroller with a temperature
monitor input.

DETAILED DESCRIPTION OF THE INVENTION

A method and apparatus for implementing active voltage
regulation in optical modules such as transceivers are pro-
vided. In the preferred implementation, a voltage regulator
may beused to provide a supply voltage that may be adjusted
with temperature to integrated circuits within the optical
module to optimize performance of the optical module. The
voltage regulator circuit may provide more than one individu-
ally controlled supply voltages if different integrated circuits
in the optical module require different voltages at a given
temperature. By controlling the supply voltages for integrated
circuits in the optical module such as laser diode drivers,
transimpedance amplifiers, and microcontrollers, the perfor-
mance of each of these components, as well as other compo-
nents such as VCSELs, may be optimized to reduce power
consumption and improve module lifetime. In addition, the
voltage regulator may provide a stable voltage supply at
higher than nominal input levels for the laser diode driver at
low temperatures, enabling the laser diode driver to drive
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VCSELs at low temperatures where the VCSEL voltage
would be too high without this control. At higher tempera-
tures, the supply voltage to the laser diode driver may be
reduced to improve the lifetime of the laser diode driver. In
addition, the voltage regulator may also be used to implement
more common functions such as voltage step-down and noise
filtering. The voltage regulator may also be designed to
accommodate a range of input voltages.

The control of the voltage regulator over temperature may
be implemented in a variety of ways. Referring now to the
Figures where like numerals indicate like elements, a sche-
matic diagram of an embodiment of an optical module 10
with active voltage regulation is shown in FIG. 1. The control
of the voltage regulator 20 over temperature may be imple-
mented with a temperature dependent resistance 90. FIG. 2 is
a schematic diagram of another embodiment of an optical
module 10 with active voltage regulation. The control of the
voltage regulator 20 over temperature may be implemented
using a microcontroller 100 with a temperature monitor input
110.

For relatively simple monotonic temperature adjustment of
the supply voltages, the preferred implementation may use a
temperature dependent feedback resistor 90 in the voltage
regulator circuit as shown in FIG. 1. For designs that require
more complex adjustment of the supply voltages versus tem-
perature, the voltage regulator 20 may be controlled with the
microcontroller 100 that obtains the temperature of the opti-
cal module 10 from the temperature monitor 110 such as a
thermistor, as shown in FIG. 2.

FIG. 1 illustrates a schematic diagram of an embodiment of
the optical module 10 with active voltage regulation. The
optical module 10 may be used to implement data intercon-
nects for control systems and/or for clock signal distribution.
The optical module 10 may be an optical interrogator.

The optical module 10 may have the voltage regulator 20.
The control of the voltage regulator 20 over temperature may
be implemented with the temperature dependent resistance
90. The voltage regulator 20 may have an Input Voltage and
outputs Supply Voltage 1 and Supply Voltage 2. The voltage
regulator 20 may enable the optical module 10 to operate on
different supply voltages. For example, Supply Voltage 1 may
be an output supply voltage provided by the voltage regulator
20. Supply Voltage 1 may be connected as the supply voltage
for a laser diode driver 30. Further, Supply Voltage 1 may be
adjusted to ensure sufficient voltage headroom at given drive
conditions.

The optical module 10 may have an input for Input Data 35.
The laser diode driver 30 may take Input Data 35 and output
Data 40 to a vertical-cavity surface-emitting laser (VCSEL)
50. At low temperatures, Supply Voltage 1 may be increased
to compensate for higher VCSEL drive voltages at low tem-
peratures. Supply Voltage 2 may be connected as a supply
voltage for a transimpedance amplifier 60. The transimped-
ance amplifier 60 may receive Data 65 from a photodetector
70. The transimpedance amplifier 60 may provide an output
of Output Data 75 from the optical module 10. The optical
module 10 may have one or more optical fibers 54 connected
between the VCSEL 50 and the photodetector 70 of the same
or different optical modules. Optics 56 may also be provided
to facilitate coupling light 52 into and/or out of the one or
more optical fibers 54.

Control of the voltage regulator 20 over a range of operat-
ing temperatures may be implemented with control electron-
ics 80 and/or the temperature dependent resistance/resistor
90. The temperature dependent resistor 90 may be imple-
mented by a thermistor, a thermocouple or the like. Further,



US 9,190,809 B2

5

the voltage regulator 20 may stabilize the voltage output and
may reduce supply voltage ripple.

The output voltages of the voltage regulator 20 may be
controlled to optimize performance of the optical module 10
over a range of operating temperatures. The output voltages
may also be controlled to minimize power consumption of the
optical module 10. Moreover, the output voltages may also be
controlled to maximize the lifetime of the optical module 10.
For example, the output voltages of the voltage regulator 20
may be adjusted to provide the minimum supply voltage
required at a given temperature by different electronics
enabling power consumption to be minimized. Also, the out-
put voltages of the voltage regulator 20 may be adjusted to
provide the minimum supply voltage required at a given bit
rate by different electronics.

Also, the output voltages of the voltage regulator 20 may be
adjusted to provide the minimum supply voltage required at a
given temperature by different electronics enabling the life-
time of the optical module 10 to be maximized. Similarly, the
output voltages of the voltage regulator may be adjusted to
provide the minimum supply voltage required at a given bit
rate by different electronics enabling the lifetime of the opti-
cal module 10 to be maximized.

The ambient temperature of the optical module 10 may be
monitored, and the outputs of the voltage regulator 20 may be
controlled to provide voltages that may be optimized with
respect to temperature for one or more of the integrated cir-
cuits in the optical module 10. This control may be imple-
mented via a temperature sensitive feedback 95 implemented
with the control electronics 80 and the temperature dependent
resistor 90 as shown in FIG. 1.

FIG. 2 illustrates a schematic diagram of another embodi-
ment of an optical module with active voltage regulation.
Control of the voltage regulator 20 over a range of tempera-
tures may be implemented with the microcontroller 100 and
the temperature monitor 110. Such an embodiment may be
preferred where more complex adjustment of the supply volt-
ages with respect to temperature may be required. The voltage
regulator 20 may be controlled with the microcontroller 100.
The microcontroller 100 may obtain the temperature of the
optical module 10 from the temperature monitor 110. The
temperature monitor 110 may be a thermistor. The tempera-
ture monitor 110 may provide an output 115 to the microcon-
troller 100 that may provide the control input 120 to the
voltage regulator control electronics 80. The output 115 of the
temperature monitor 110 may also provide the control input
120 to the voltage regulator control electronics 80. The volt-
age regulator control electronics 80 may adjust the voltage
output settings of the voltage regulator 20. In an embodiment
of the invention, the voltage regulator control electronics 80
and the temperature monitor 110 may be the same compo-
nent. Further, the temperature monitor 110 may be integrated
in the control electronics 80. The voltage regulator outputs,
for example, Supply Voltage 1 and Supply Voltage 2, may be
controlled by the voltage regulator control electronics 80 to
produce different voltages for different electronics in the
optical module 10. Although only two supply voltages are
shown in the drawings, additional supply voltages may be
provided by the voltage regulator 20 in other embodiments of
the invention.

The ambient temperature of the optical module 10 may be
monitored, and the outputs of the voltage regulator 20 may be
controlled to provide voltages that may be optimized with
respect to temperature for one or more of the integrated cir-
cuits in the optical module 10. This control may be imple-
mented via the temperature sensitive feedback as shown in
FIG. 1 or via the control input 120 from the microcontroller
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100. The temperature monitor 110 may provide the output
115 to the microcontroller 100 that may provide the control
input 120 to the voltage regulator control electronics 80 as
shown in FIG. 2.

It should be understood that various changes and/or modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and/or modifications may be made without departing
from the spirit and/or scope of the present invention and
without diminishing its attendant advantages. It is, therefore,
intended that such changes and/or modifications be covered
by the appended claims.

The invention claimed is:

1. An optical module apparatus, comprising:

one or more semiconductor light sources to emit light;

one or more photodetectors to detect the light emitted from
the one or more semiconductor light sources;

one or more optical fibers;

optics to optically couple light emitted from the one or
more semiconductor light sources to the one or more
optical fibers and from the optical fibers to the one or
more photodetectors;

a laser diode driver communicatively connected to the one
or more semiconductor light sources to drive the one or
more semiconductor light sources;

a temperature monitor having an output and configured to
generate an output indicative of a temperature of the
optical module apparatus;

a voltage regulator configured to generate output voltages
and coupled to the laser diode driver to provide a supply
voltage to the laser diode drive to drive the one or more
semiconductor light sources, wherein the supply voltage
to the laser diode drive is included in the output voltages;

voltage regulator control electronics configured to adjust
the output voltages of the voltage regulator with respect
to the output of the temperature monitor; and

a microcontroller including an input to receive the output
of the temperature monitor and configured to provide a
control input to the voltage regulator control electronics
based at least in part on the received output of the tem-
perature monitor.

2. The apparatus of claim 1 wherein the one or more semi-
conductor light sources comprise a light emitting diode
(LED), a vertical-cavity surface-emitting laser (VCSEL), a
Fabry-Perot laser or a distributed feedback (DFB) laser.

3. The apparatus of claim 1 wherein the one or more pho-
todetectors comprise a p-i-n photodetector, an avalanche pho-
todetector, a metal-semiconductor-metal (MSM) photodetec-
tor or a traveling wave photodetector.

4. The apparatus of claim 1 wherein the one or more semi-
conductor light sources is configured to be directly modu-
lated.

5. The apparatus of claim 1 comprising:

an optical modulator to modulate the one or more semi-
conductor light sources.

6. The apparatus of claim 1 wherein the temperature moni-

tor comprises a thermistor or a thermocouple.

7. The apparatus of claim 1 wherein the optical module
apparatus comprises an optical transceiver, an optical trans-
mitter, an optical receiver or an optical interrogator.

8. The apparatus of claim 1 wherein the optical module
apparatus is configured to transmit digital data or analog data.

9. The apparatus of claim 1 wherein the optical module
apparatus is configured to implement data interconnects for
control systems or for clock signal distribution.
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10. The apparatus of claim 1 wherein the voltage regulator
is configured to enable the optical module apparatus to oper-
ate on different supply voltages.
11. The apparatus of claim 1 wherein the voltage regulator
is configured to stabilize the output voltages and reduce sup-
ply voltage ripple.
12. The apparatus of claim 1 wherein the voltage regulator
control electronics is configured to control the output volt-
ages of the voltage regulator to adjust performance of the
optical module over temperature.
13. The apparatus of claim 1 wherein the voltage regulator
control electronics is configured to adjust the output voltages
of the voltage regulator to reduce supply voltage at a given
temperature to reduce power consumption by the optical
module apparatus.
14. The apparatus of claim 1 wherein the voltage regulator
control electronics is configured to adjust the output voltages
of'the voltage regulator to reduce supply voltage at a given bit
rate of the optical module apparatus to reduce power con-
sumption by the optical module apparatus.
15. The apparatus of claim 1 wherein the voltage regulator
is configured to increase the supply voltage for the laser diode
driver at low temperatures.
16. The apparatus of claim 1 wherein the voltage regulator
is configured to adjust the supply voltage for the laser diode
driver to provide a predetermined voltage headroom at a
given drive condition.
17. The apparatus of claim 1 wherein the output of the
temperature monitor received by the voltage regulator control
electronics includes a control input.
18. The apparatus of claim 1 wherein the voltage regulator
control electronics is configured to control the output volt-
ages of the voltage regulator to produce different supply
voltages for different components in the optical module appa-
ratus.
19. The apparatus of claim 1 wherein the voltage regulator
control electronics and the temperature monitor are inte-
grated together as a single component.
20. A method of regulating voltage in an optical module,
the method comprising:
providing one or more semiconductor light sources and
one or more photodetectors in the optical module;

optically coupling light from the one or more semiconduc-
tor light sources to an optical fiber and from the optical
fiber to the one or more photodetectors;
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monitoring, from a temperature monitor, a temperature of
the optical module;

providing, from a voltage regulator, an output including
one or more voltages;

adjusting the output of the voltage regulator based at least
partly on the monitoring of the temperature of the optical
module; and

providing, from a microcontroller, a control input to the
voltage regulator based at least in part on the output of
the temperature monitor received from the temperature
monitor.

21. The method of claim 20, wherein providing the output

further comprising:

providing one of the voltages of the output of the voltage
regulator to the one or more semiconductor light sources
as a drive voltage.

22. The method of claim 20, wherein providing the output

further comprising:

providing one of the voltages of the output of the voltage
regulator to the one or more photodetectors as a bias
voltage.

23. The method of claim 20 further comprising:

controlling the output of the voltage regulator to produce
different voltages for different components in the optical
module.

24. The method of claim 20 further comprising:

using the monitoring of the temperature as a control input
for adjusting the output of the voltage regulator.

25. The method of claim 20 further comprising:

using monitoring of the temperature in a feedback circuit
for adjusting the output of the voltage regulator.

26. The method of claim 20 further comprising:

adjusting the output of the voltage regulator to reduce
supply voltage at a given temperature provided based on
the output of the voltage regulator.

27. The method of claim 20 further comprising:

adjusting the output of the voltage regulator to adjust per-
formance of the optical module over a range of tempera-
ture.

28. The method of claim 20 further comprising:

adjusting the output of the voltage regulator to reduce a
supply voltage at a given bit rate provided based on the
output of the voltage regulator.
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